Study objective-To explore the association between job characteristics and plasma fibrinogen concentrations. Design-Cross sectional design. Setting-The Greater Stockholm area. Subjects-A total of 1018 men and 490 women aged 45-70 who were randomly selected from the general population during 1992-1994. They were all employed and had no history of myocardial infarction. Main results-The self reported job characteristics were measured by a Swedish version of the Karasek demand-control questionnaire. For inferred scoring of job characteristics, psychosocial exposure categories (job control and psychological demands) were assigned by linking each subject's occupational history with a work organisation exposure matrix. Job strain was defined as the ratio between demands and control. In univariate analyses, expected linear trends were found in three of four tests of association between high plasma fibrinogen and low control (the self reported score for women and the inferred score for both sexes), in one of four tests of association between high plasma fibrinogen and high demands (the inferred score for women) and in two of four tests of association between high plasma fibrinogen and job strain (the inferred score for both sexes). Multiple logistic regression analyses showed that men in the inferred job strain group have an increased risk of falling into the increased plasma fibrinogen concentration group (above median level of the distribution) (odds ratio (OR) 1.2; 95% CI 1.0, 1.5) after adjustment for the variables that were associated with plasma fibrinogen in the univariate analyses. In women, low self reported control, high inferred demand, and inferred job strain were significantly associated with increased plasma fibrinogen concentration (OR 1.3; 95% CI 1.0, 1.8, OR 1.5; 95% CI 1.0, 2.2, OR 1.5; 95% CI 1.1, 2.2, respectively). Conclusions-These results indicate that adverse job characteristics may be related to plasma fibrinogen concentrations and this relation is more relevant in female workers. The clearest evidence for psychosocial eVects on plasma fibrinogen seems to be with job control and the associations are clearer for the objective than for the self report variables. (J Epidemiol Community Health 1999;53:348-354) 
tion.
Main results-The self reported job characteristics were measured by a Swedish version of the Karasek demand-control questionnaire. For inferred scoring of job characteristics, psychosocial exposure categories (job control and psychological demands) were assigned by linking each subject's occupational history with a work organisation exposure matrix. Job strain was defined as the ratio between demands and control. In univariate analyses, expected linear trends were found in three of four tests of association between high plasma fibrinogen and low control (the self reported score for women and the inferred score for both sexes), in one of four tests of association between high plasma fibrinogen and high demands (the inferred score for women) and in two of four tests of association between high plasma fibrinogen and job strain (the inferred score for both sexes). Multiple logistic regression analyses showed that men in the inferred job strain group have an increased risk of falling into the increased plasma fibrinogen concentration group (above median level of the distribution) (odds ratio (OR) 1.2; 95% CI 1.0, 1.5) after adjustment for the variables that were associated with plasma fibrinogen in the univariate analyses. In women, low self reported control, high inferred demand, and inferred job strain were significantly associated with increased plasma fibrinogen concentration (OR 1.3; 95% CI 1.0, 1.8, OR 1.5; 95% CI 1.0, 2.2, OR 1.5; 95% CI 1.1, 2.2, respectively). Conclusions-These results indicate that adverse job characteristics may be related to plasma fibrinogen concentrations and this relation is more relevant in female workers. The clearest evidence for psychosocial eVects on plasma fibrinogen seems to be with job control and the associations are clearer for the objective than for the self report variables. (J Epidemiol Community Health 1999; 53:348-354) There is increasing interest in the contribution of plasma fibrinogen to coronary heart disease (CHD) risk. Epidemiological cohort studies [1] [2] [3] [4] suggest that plasma fibrinogen is an independent risk factor for CHD. As evidence accumulates to implicate plasma fibrinogen in the pathogenesis of CHD, it becomes important to examine what factors may determine plasma fibrinogen concentrations.
Job related stress is considered as a potentially important factor in the development of cardiovascular disease (CVD). Increased plasma fibrinogen has been indicated as one of the possible mechanisms of job stress leading to CVD. 5 Friedman et al 6 showed that blood clotting time was accelerated when workers suVered qualitative occupational stress. Netterstrøm et al 7 and Folsom et al 8 have shown a tendency towards high plasma fibrinogen concentrations in the high strain (low control and high psychological demands at work) group. Davis et al 9 indicated that female workers who perceived high job stress or low support from their boss had increased plasma fibrinogen concentrations, independently of menopausal status. Markowe et al 10 have shown that control over the work is inversely related to plasma fibrinogen concentrations and recently Brunner and his colleagues 11 have confirmed the association in a larger sample of the British civil servants. However, there are several studies showing negative results and even those with results in the opposite direction. [12] [13] [14] The inconsistency of these results may be attributable to the diVerences in the study sampling and methodology. Ishizaki et al, 14 Mattiasson and Lindgärde, 13 and Møller and Kristensen 12 found no association between job strain and plasma fibrinogen concentrations. All their subjects were male workers, and except for the study population of Møller and Kristensen they were derived from a single factory. In contrast, Netterstrøm et al, 7 Folsom et al, 8 and Davis et al 9 could see positive findings in their respective representative populations. Brunner et al 11 also studied a sample from a wide range of occupations of the British civil servants. Furthermore in many previous studies, the job characteristics were measured only by means of a self report questionnaire. Brunner et al 11 showed clear relations between expert J Epidemiol Community Health 1999;53:348-354rated job control (assessed by personal managers) and plasma fibrinogen concentrations, however. To study a broad range of occupations may make it possible to evaluate wider variance of occupational stress and measuring job characteristics by means of both subjective and objective methods could give us further insight regarding job stress and plasma fibrinogen relations. As a sex diVerence in the association is suspected, 9 it would be meaningful to perform separate analyses for women and men.
As part of a large scale, multidisciplinary, case-referent study, SHEEP (Stockholm Heart Epidemiology Program), of all first myocardial infarctions in the greater Stockholm area during a three year period, we aimed at studying the relation between plasma fibrinogen and job characteristics. In addition, the influence of both subjectively and more objectively evaluated job characteristics on plasma fibrinogen concentrations were assessed to test the hypothesis; adverse job characteristics-such as low control over the work, high psychological demands, and high job strain that is the combination of low control and high demands-are positively associated with high plasma fibrinogen concentrations.
Methods

SUBJECTS
SHEEP is a population based case-referent study of risk factors for myocardial infarction, first episode. The study design and the total study population are described elsewhere. 15 16 As our special interest was in the association between job characteristics and plasma fibrinogen in a general population, this analysis has been confined to the referents of the non-fatal cases in the SHEEP study. The SHEEP study base comprised all Swedish citizens resident in the Stockholm county, who were free of previously diagnosed myocardial infarction. Male cases were identified during two years (1992) (1993) , and female cases during three years (1992) (1993) (1994) . Through October 1992, the study base included the ages 45-65 years; from 1 November 1992 and onwards, the age span was 45-70 years. Fatal, as well as non-fatal cases were included. One referent per case was randomly selected from the study base after stratification for sex, age, and hospital catchment area at the case incidence. To obtain a responding referent for each identified case, a new referent was selected if the first one did not participate. Therefore more referents than cases were finally included. This does not affect the calculated participation rate, which is based upon the total number of people who were invited to participate. Exposure information was collected by an extensive questionnaire and a health examination including blood sampling. Among the referents, the health examination was confined to those of the non-fatal cases. The study participation rate among the referents of non-fatal cases was 75% for men and 69% for women. A number of plasma samples were lost because of a deep freezer break down; thus the study sample for this analysis comprised 1018 men and 490 women, for whom questionnaire exposure information as well as plasma fibrinogen results were available. The study has been approved by the Regional Ethics Committee of the Karolinska Institute, Stockholm, Sweden.
PROCEDURE
The exposure information was collected by means of a comprehensive questionnaire and a health examination including blood sampling and several biological measurements. On the basis of responses to the questionnaire, marital status and educational level, respectively, were categorised (basic and higher levels for education). Women were asked about their menopausal status and use of hormone replacement therapy or intake of oral contraceptives.
Smokers were categorised into never, ex, and current smokers. Subjects who smoked when included in SHEEP, or had stopped smoking within the past two years before inclusion, were classified as current smokers. Alcohol intake in grams per day was based on self reported frequency, amount, and type of alcohol beverages normally consumed and subjects were grouped into three categories according to tertiles of alcohol intake; never or minimal drinking (consumed alcohol <4.8g/day), moderate drinking (consumed alcohol < 4.8g/day, <15.5g/day; nearly equal two glasses of wine), and heavy drinking (consumed alcohol < 15.5g/day). Degree of physical activity was assessed according to leisure time habits. Those who were inactive or only occasionally took a walk were coded as exposed to physical inactivity and persons who exercised now and then or more (= at least once a week) were coded as active. We have assessed activity levels during the period 5-10 years before inclusion into SHEEP.
We also examined other factors previously shown to be associated with plasma fibrinogen concentrations, such as fish intake, 17 coVee intake, 18 and seasonal variation. 19 Subjects who reported to have scarcely consumed fish or coffee were categorised separately. They were divided into two groups according to the time when blood samples were collected-winter (December to March) compared with the other seasons.
As for disease history, a subject was operationally defined as having hypertension when they reported a history of treatment of hypertension or had a high blood pressure level (systolic >170 or diastolic >95) in the supine position after five minutes of resting. The mean of the first and second readings was used in this study. History of diabetes mellitus was defined from the answers of the questionnaire. History of chest pain was also asked for, as was other cardiovascular diseases, such as stroke. Subjects were asked about the medical history of their family members, too.
With regard to occupational class, subjects were divided into white collar and blue collar workers by the Swedish SEI classification. 20 We used information on occupation from the year before inclusion in SHEEP. A dichotomisation (blue/white collar) was considered to be the best way of dividing the sample because of the known non-linear relations in middle strata between social class and morbidity in Swedish general population samples. 21 Working conditions were also explored with regard to shift work-constant change in work hours according to fixed schedule (yes/no), frequent overtime work (yes/no) and night work-a substantial part of the working hours scheduled at night (yes/no). Subjects were also asked whether they served as supervisors or not. Job characteristics were evaluated by self reported questionnaire and by means of inferred scoring. The self reported job characteristics classification is derived from a Swedish version of the Karasek demand-control questionnaire. 22 The five questions regarding demands concern both qualitative and quantitative demandssuch as amount to do and conflicting demands. Cronbach's coeYcient alpha for the psychological demands index was 0.74 for both male and female referent working populations. Questions measuring job control have two areas, one concerning skill discretion (four questions regarding such factors as variation and opportunity to use skill and learn new things) and one concerning authority over decisions (two questions regarding opportunity to influence what to do and how to do it at work). Cronbach's coeYcient alpha for the control index was 0.66 for men and 0.65 for women. For inferred scoring of job characteristics, psychosocial exposure categories were assigned by linking each subject's occupational history with a work organisation exposure matrix. The matrix is based upon representative samples of the Swedish working population and average scores for job control and psychological demands are available for subgroups specified with regard to occupational title, sex, age as well as duration of employment. The job control scale is a 12 item indicator measuring decision authority and skill discretion on the job and the psychological job demands indicator is a two item scale that measures time pressure and psychological demands. 23 Job strain was defined as the ratio between demands and control. Then, subjects were grouped into three strata of each job characteristics index (low, medium, high demands, control and the demand/control ratio, respectively). The grouping was based on tertiles defined according to the distribution of scores in the total male and female referent working populations, respectively. It should be noted that the occupational titles were only for subjects who were working during the year preceding the examination. Thus the numbers of subjects analysed for self reported job characteristics and for inferred job characteristics were diVerent.
The health examinations took place in the outpatient surgeries of the internal medicine departments at the 10 emergency hospitals.
They were carried out in the morning by a small group of specially trained nurses and comprised measurements of blood pressure, height, body weight as well as blood sampling. Body mass index (BMI) was calculated as weight in kilograms divided by height in metres squared. BMI was divided into two categories on the median of each sex.
After overnight fasting, blood samples were obtained by venous puncture and handled according to prevailing clinical practice for analyses of plasma haemostatic factors. Specimens for analyses for plasma fibrinogen were collected into citric acid treated tube and within three hours separated plasma was frozen at −70°C. Plasma fibrinogen was determined with polymerisation time 24 at one single laboratory, the Department of Clinical Chemistry at the Karolinska Hospital.
STATISTICS
All analyses were performed separately for men and women. The distribution of plasma fibrinogen concentrations was subjected to natural logarithmic transformation to reduce skewness and kurtosis. Comparison of mean plasma fibrinogen values was performed using analysis of variance without adjustments. To evaluate the independent relation between each job characteristic and plasma fibrinogen concentration, we conducted multiple regression analyses. Logistic regression analyses were performed with setting the category of increased plasma fibrinogen concentration (upper median concentrations; more than 3.3 g/l for men and 3.5 g/l for women, respectively). Only those covariates found to be related to outcome measures of plasma fibrinogen at a significant level of p<0.10 were included in the multivariate models. Logistic regression analyses were conducted in two ways; age and hospital catchment area were adjusted for and then all the covariates were included as well as age and hospital catchment area.
Results
The distribution of plasma fibrinogen concentrations was slightly skewed and the concentrations of plasma fibrinogen were significantly higher in women than in men even after age had been adjusted for (geometric means with 95% confidence intervals = 3.55 g/l (3.49, 3.62) and 3.36 g/l (3.32, 3.40), respectively, F = 14.198, p = 0.0000).
Figure 1 Job characteristics and plasma fibrinogen concentrations in the referents of the SHEEP study, 1992-1994 (geometric means and 95% confidence intervals). The top panel shows the association between self reported job characteristics and plasma fibrinogen concentrations, and the bottom panel the association between inferred job characteristics and plasma fibrinogen concentrations. Data without adjustments for confounders.
Fibrinogen (g/l) x Measuring job characteristics by means of both subjective and objective methods is considered to be preferable in job stress research. x Plasma fibrinogen seems to be related to many social and behavioural factors including adverse working conditions. x Plasma fibrinogen may be one of the underlying mechanisms by which adverse psychosocial job characteristics lead to coronary heart disease. Table 1 shows the crude mesures of job characteristics. Both for self reported and inferred scoring, women perceived higher job strain than men. Table 2 shows plasma fibrinogen concentrations according to sociodemographic and behavioural variables with univariate analyses. Age, educational level, smoking, physical activity, BMI, hypertension, and history of cardiovascular diseases were significantly associated with plasma fibrinogen concentrations both in men and women. Furthermore, marital status, fish intake, coVee intake, season (opposite direction), history of chest pain, occupational class, working condition of frequent night work were associated with plasma fibrinogen concentration in men. Menopause, hormone therapy, alcohol intake, and overwork (opposite direction) were associated with plasma fibrinogen concentration in women. Those who had family history of diseases defined above tended to have higher plasma fibrinogen concentrations than did the respective others but the differences did not reach statistical significance (data not shown). Figure 1 shows the univariate associations among plasma fibrinogen concentrations and self reported job characteristics and inferred job characteristics. The geometric means and 95% confidence intervals are shown. Remarkable associations were not indicated between self reported job characteristics and plasma fibrinogen concentrations except for the association in the expected direction between high plasma fibrinogen concentration and low control in women. The associations between inferred job characteristics and plasma fibrinogen concentrations were more consistent. Only the direction of increasing plasma fibrinogen concentrations with decreasing inferred demands in men was in contrast with our expectation. The diVerences of plasma fibrinogen concentrations were significant among inferred control levels and among inferred strain levels in women (F = 3.242, p = 0.0406 and F = 3.479, p = 0.0322, respectively). The diVerences were, however, not statistically significant among inferred strain levels in men and among self reported strain levels in women (F = 2.777, p = 0.0629 and F = 2.758, p = 0.0645, respectively). Table 3 shows the relative risks of job characteristics for increased (above median) plasma fibrinogen concentrations. In women, self reported control was inversely associated with higher concentrations of plasma fibrinogen in the fully adjusted model. However, self reported demand was even negatively associated with higher concentrations of plasma fibrinogen. Self reported strain had almost null relations with increased plasma fibrinogen concentrations in both sexes.
When age and hospital catchment area were adjusted for, inferred strain was significantly associated with increased plasma fibrinogen concentrations in men. The relation remained significant when all the confounding factors were adjusted for. In women, all three inferred models were associated with increased plasma fibrinogen concentration both in age adjusted analyses and when all the covariates had been adjusted for, although the association between inferred control and plasma fibrinogen concentrations did not reach statistical significance in the fully adjusted model.
Discussion
In this cross sectional analysis, we observed some positive associations between objective job (stressful) characteristics and plasma fibrinogen concentrations particularly among women. In male workers, objective job strain was also associated with higher concentration of plasma fibrinogen. Although we could not find any association between self reported job strain and plasma fibrinogen concentrations, female workers with low self reported job control had higher concentrations of plasma fibrinogen. The associations were relatively weak albeit significant. However, they might be of interest because cardiovascular diseases are prevalent, particularly in Western societies.
Our findings were partly in accordance with those of the Whitehall study II by Brunner and colleagues. 11 Our findings on "objectively" measured job control in women were similar to those of the Whitehall study. In the Whitehall study II, however, self reported job control was positively associated with plasma fibrinogen concentrations in women. In contrast, low perceived job control was associated with higher concentrations of plasma fibrinogen in the women in our study. The diVerences in results could be attributable to diVerences both with regard to the questionnaires and study populations. Furthermore, work related conditions are also diVerent between the two countries particularly with regard to female workers.
The diVerence in the associations between plasma fibrinogen concentrations and subjective job characteristics on one hand and plasma fibrinogen concentrations and objective job characteristics on the other hand needs to be discussed. Self reported job characteristics and inferred job characteristics are somewhat correlated while they are not identical. Environmental scaling may reflect in a better way the objective situation than does the individually perceived situation by reducing possible bias resulting from the perception of the work situation by the participants. Furthermore, the diVerence could be partly explained by the fact that we used information on occupational title from the year before inclusion in SHEEP. With regard to the sex diVerence in this study, there was also a practical problem. In male subjects, when job characteristics were defined by means of the highest quartile and this group was compared with the rest, self reported low control as well as inferred low control were associated with significantly increased plasma fibrinogen concentrations even after other confounding variables had been adjusted for. Cut oV points for discriminating an increased risk may be different for the sexes. It should also be noted that the association between job control and plasma fibrinogen was more consistent than the association between psychological demands and plasma fibrinogen. The direction of decreasing plasma fibrinogen concentrations according to the indices of psychological demands (self reported demands for women/inferred demands for men) that were found in this study was in contrast with our expectation, although it did not reach statistical significance. Inferred high psychological demands were not associated with an increased risk of having a first myocardial infarction among male workers in the SHEEP study. 16 The inferred measures of psychological demands are based upon two questions-one on "tempo" (rush) and one on "psychologically strenuous." The second one-psychologically strenuous-is associated with higher occupational status and may be an indicator of being "in demand" and doing more varied work; low status on the other hand is associated with monotony. 25 As shown in some recent studies, psychological demands did not necessarily predict CVD. 16 26 27 It has been argued that the measurement of psychological demands should be re-evaluated. 16 27 Clearly plasma fibrinogen concentrations seem to be aVected by many social, biological, and behavioural factors. In agreement with previous studies, 8 12 17 we found significant associations between plasma fibrinogen concentrations and several sociodemographic variables in the univariate analyses. Social class (occupational class and educational level) was shown to be correlated with plasma fibrinogen concentrations as in other studies. [10] [11] [12] The relations with inferred job characteristics, however, remained significant after adjustment for occupational class and educational level. In this study, the division of subjects into blue and white collar as well as into those with high/low education was considered to be the most adequate description of social class.
An interesting finding in this study is the strong relation between reported frequent night work and high plasma fibrinogen concentrations in men. Although this is a result of univariate analysis, this finding suggests that besides bad sociodemographic conditions in general, bad working conditions have an influence on plasma fibrinogen concentrations. In women, the puzzling finding was made that those who reported few overtime work hours had high plasma fibrinogen concentrations. However, within reasonable limits, overtime work may not necessarily lead to a stressful job condition when taking into consideration the high reward that is sometimes the result from overtime work. Because of the small number in the category, we could not see any diVerence of plasma fibrinogen concentrations according to the excess level of working hours. Obviously the work contents may make a diVerence and accordingly this finding should be subjected to a deeper analysis.
The cross sectional design does not permit conclusions on the causal relations between job characteristics and plasma fibrinogen concentration. Although many established confounding and mediating factors were considered, we were not able to adjust for some important variables regarding plasma fibrinogen concentration, such as a marker of acute phase reaction (which is for instance reflected in white blood cell counts or in C reactive protein). 19 Furthermore, diVerences in genetic predisposition for variations in plasma fibrinogen concentrations could not be taken into account. Hamsten et al 28 reported that 51% of the variance of the plasma fibrinogen concentration was accounted for by genetic heritability. The present population is, however, a fairly homogeneous group of Swedish descent.
In conclusion, our findings suggest that job characteristics particularly measured by means of objective methods are related to plasma fibrinogen concentrations and that this relation is more relevant in female workers.
